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Abstract
We consider D-branes of open superstrings in the AdS5 × S5 background. The possible
configurations of D-branes preserving half of supersymmetries are classified by analyzing the
κ-invariance of an open superstring in a covariant manner. We also revisit the classification of
D-branes in the pp-wave background. It is shown that Penrose limits of the possible D-branes
in the AdS5 × S5 give all of the D-branes in the pp-wave. In addition, a 1/4 supersymmetric
D-string, which is related to the D-string preserving 8 dynamical supersymmetries in the pp-
wave, is presented. We also discuss the relation between our result and the AdS branes in a
brane probe analysis.
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1 Introduction
The discovery of D-branes [1] has played an important role for revealing non-perturbative
aspects of superstring theories and M-theory [2]. Recent interest in studies of D-branes is the
classification of possible configurations in non-trivial backgrounds. Among other non-trivial
backgrounds, the maximally supersymmetric type IIB pp-wave background [3] has attracted
great interests because the Green-Schwarz superstring on this background was shown to be
exactly solvable [4,5]. The configurations of D-branes on pp-wave backgrounds were examined
in many works [6–22]. In particular, covariant analyses of D-branes of an open string in pp-
waves were given in [14, 19] by applying a method developed by Lambert and West [23].
It is also possible to apply this method for analyzing Dirichlet branes of an open superme-
mbrane. In the eleven-dimensional flat spacetime, Dirichlet p-branes were shown to be allowed
for the values p = 1, 5, 9 [24, 25]. The p = 5 case corresponds to M5-brane, while the p = 9
case describes the end-of-world 9-brane in the Horava-Witten theory [26]. Studies of open
supermembrane theories are expected to promote our understanding of features of M-branes.
Dirichlet branes of an open supermembrane on the maximally supersymmetric pp-wave
background (Kowalski-Glikman solution)∗ were classified in [30, 32]. In the work [32], we pro-
vided a covariant classification of the possible D-brane configurations by combining methods
in Refs. [24, 25] and Ref. [23]. We found 1/2 supersymmetric M5-brane and 9-brane configu-
rations sitting at the origin of the pp-wave. These configurations are not 1/2 supersymmetric
outside the origin while 1-brane configurations are 1/2 supersymmetric at and outside the ori-
gin. Also, 1/2 supersymmetric 9-brane configurations obtained in Ref. [32] are expected to
be available for a study of a heterotic matrix model [33]. If we consider a double dimensional
reduction of open supermembrane on the pp-wave background to a type IIA string theory [13]
through a compactification of one of transverse dimensions, then M5- and 9-branes in eleven
dimensions wrapping an S1-circle become possible configurations of D4-branes and D8-branes
in the resulting type IIA pp-wave background [13,16,19,20]. This correspondence strongly sup-
ports the weak-strong duality between M-theory and type IIA string theory even in pp-wave
backgrounds, and thus we can say that a consistency of superstring theories on a pp-wave has
been checked.
In our previous work [34], Dirichlet branes of an open supermembrane in the AdS4/7× S7/4
∗Supermembrane on the pp-wave background is related to the pp-wave matrix model [27] through the matrix
regularization [28]. This relation in the pp-wave case is discussed in [29–31].
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backgrounds were examined, and possible configurations were classified. It was shown that
under the Penrose limit [35] possible Dirichlet branes are mapped one-to-one to those on the
pp-wave background, as expected from the fact that the Kowalski-Glikman solution [36] can
be obtained from the AdS4/7 × S7/4 backgrounds [37]. The allowed Dirichlet branes are also
related to AdS branes in the AdS4/7 × S7/4 backgrounds.
Motivated by our previous works [32, 34], we will consider D-branes of an AdS string by
analyzing the covariant Wess-Zumino term. First, we classify D-brane configurations of an open
superstring in the AdS5×S5 background. The possible D-brane configurations can be compared
to the AdS brane configurations. Secondly, we extend the covariant classification of D-branes
in the pp-wave [14] by including the cases that the null directions (+,−) are Dirichlet ones.
Thirdly, we examine Penrose limits of the possible D-branes in the AdS5×S5 background, and
directly show that all of D-branes in the pp-wave are realized in these limits. In addition, we
present an example of 1/4 supersymmetric D-string configurations in the AdS5×S5 background,
which preserves 1/4 supersymmetries even outside the origin. This configuration reduces to the
1/4 supersymmetric D-string in the pp-wave background found in the work [14] through the
Penrose limit. From the viewpoint of embedded branes in the AdS5 × S5 background, this
D-string may possibly correspond to R× S1 .
The organization of our paper is as follows: In Section 2, we introduce the action of an open
superstring on the AdS5 × S5 background, and the covariant Wess-Zumino term is presented.
In section 3, we classify possible 1/2 supersymmetric D-brane configurations of the AdS string
by investigating the vanishing conditions of the κ-variation surface terms of the covariant Wess-
Zumino term. In addition, we find a 1/4 supersymmetric D-string configuration. This D-string
preserves a quarter of supersymmetries both at and outside the origin. In section 4, we classify
D-brane configurations preserving half of supersymmetries in the pp-wave background which
include the cases that the null directions (+,−) satisfy the Dirichlet conditions. In section 5 we
consider the Penrose limit of the result obtained in section 3. All of the resulting configurations
after the Penrose limit are shown to be included in the list presented in section 4. We also
discuss the relation between our result and AdS branes in the AdS5 × S5 background. Section
5 is devoted to a conclusion and discussions. In appendix A, our notation and convention are
summarized.
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2 Covariant Wess-Zumino Term for the AdS String
In this section, we will introduce the Green-Schwarz action of a superstring on the AdS5 × S5
background (called AdS string below), and explain some characteristics relevant to our later
considerations. In this paper, we do not utilize any specific gauges but discuss in a covariant
fashion, because the covariant expression of the Wess-Zumino term is available for the covariant
classification of D-branes of the AdS string.
First of all, the action of AdS string we consider is written as
S =
∫
d2σ
[
LNG + LWZ
]
, LNG = −
√
−g(X, θ) . (2.1)
The Nambu-Goto part of this Lagrangian is represented in terms of the induced metric gij ,
which is given by (For notation and convention, see Appendix A)
gij = E
M
i E
N
j GMN = E
A
i E
B
j ηAB , g = det gij, E
A
i = ∂iZ
MˆEA
Mˆ
, (2.2)
where ZMˆ = (XM , θα¯) and EA
Mˆ
are supervielbeins of the AdS5×S5 background. For D-strings,
g is replaced with det(gij +Fij) where F is defined by F = dA−B with the Born-Infeld U(1)
gauge field A and the pull-back of the NS-NS two-form B.
The Wess-Zumino term is described as†
LWZ = −2i
∫ 1
0
dt ÊAθ¯ΓAσÊ , (2.3)
where ÊA ≡ EA(tθ) and Êα ≡ Eα(tθ). When we consider a fundamental string (F-string),
the matrix σ is given by σ3 . If we consider a D-string, then σ is represented by σ1 . Since we
would like to discuss boundary surfaces for both of fundamental string and D-string, we do not
explicitly fix σ in our consideration. It is known that κ-invariance of the action is equivalent to
supergravity equations of motion [41, 42]. In the case of an open string, the κ-variation leads
to surface terms. One can show that the surface terms originating from SNG vanish, because
they include δκZ
MˆEA
Mˆ
= δκE
A = 0 , by using the definition of the κ-variation δκE
A = 0. In
addition, the κ-variation of F does not lead to surface terms because δκF does not include a
derivative of the κ-variation of a field. Thus non-vanishing surface terms originate from SWZ
only.
†Alternative superstring actions have been proposed in [38] for superstrings in the AdS background and
in [39, 40] for those in the pp-wave background.
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In this section, we consider an open string in the AdS5 × S5 background. The concrete
expressions of the supervielbein and the spin connection are given in Appendix B where the
coset construction is briefly reviewed for this background. We examine the κ-variation surface
terms up to and including the fourth order of θ in this paper‡. After short calculation, the
Wess-Zumino term can be rewritten as
SWZ = S
0
WZ + S
spin
WZ + S
M
WZ ,
where each part in the above decomposition is defined as, respectively,
S0WZ ≡ −2i
∫
d2σ ǫij
[
−1
2
θ¯ΓAσ
(
∂iθ +
λ
2
Γ̂Biσ2θ∂iX
MeBM
)
∂jX
NeAN (2.4)
+
i
4
θ¯ΓA
(
∂iθ +
λ
2
Γ̂Biσ2θ∂iX
MeBM
)
· θ¯ΓAσ
(
∂jθ +
λ
2
Γ̂Ciσ2θ∂jX
NeCN
)]
,
SspinWZ ≡ −2i
∫
d2σ ǫij
[
−1
8
θ¯ΓAσΓBCθω
BC
M ∂iX
M∂jX
NeAN (2.5)
+
i
16
θ¯ΓAΓBCθω
BC
M ∂iX
M · θ¯ΓAσ
(
∂jθ +
λ
2
Γ̂Diσ2θ∂jX
NeDN
)
+
i
16
θ¯ΓA
(
∂iθ +
λ
2
Γ̂Biσ2θ∂iX
MeBM
)
· θ¯ΓAσΓCDθωCDN ∂jXN
+
i
64
θ¯ΓAΓBCθω
BC
M ∂iX
M · θ¯ΓAσΓDEθωDEN ∂jXN
]
,
SMWZ ≡ −2i
∫
d2σ ǫij
[
− 1
24
θ¯ΓAσM2Diθ∂jXMeAM
]
. (2.6)
This is the covariant Wess-Zumino term, which will be used for a covariant classification of D-
branes in the AdS5×S5 background in the next section. The sketch of our strategy is as follows:
We will consider surface terms of κ-variation of the above Wess-Zumino term, and investigate
the boundary conditions under which all of the surface terms vanish. Then these boundary
conditions lead to a classification of possible D-branes. It is worth mentioning that the surface
terms do not cancel out each other. Hence, without loss of generality, we can examine the
κ-variation of surface terms separately in each part.
‡It is expected that the fourth order analysis is sufficient as we will briefly comment later.
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3 Classification of Supersymmetric D-branes of AdS String
Here let us investigate the boundary conditions under which the κ-invariance holds. Then we
will classify D-brane configurations preserving half of supersymmetries.
3.1 Boundary Conditions of Covariant String
Before going to the concrete analysis, we need to introduce the boundary conditions. The open-
string world-sheet Σ has one-dimensional boundary ∂Σ. We can impose the Neumann condition
and Dirichlet condition on this boundary ∂Σ. These boundary conditions are represented by
∂nX
A ≡ ∂nXMeAM = 0 (Neumann condition) , (3.1)
∂tX
A ≡ ∂tXMeAM = 0 (Dirichlet condition) , (3.2)
where we have used the overline as Ai (i = 0, . . . , p) for the indices of Neumann coordinates
and the underline as Aj (j = p+1, . . . , 9) for the indices of Dirichlet coordinates. The operator
∂t is a tangential derivative ∂/∂τ and ∂n is a normal derivative ∂/∂σ on the boundary ∂Σ,
respectively. We impose the boundary condition on the fermionic variable θ:
P±θ = θ , P± =
1
2
(I+M) . (3.3)
The gluing matrixM is a product of the SO(1, 9) gamma matrices tensored with Pauli matrices,
and its concrete form will be fixed so that the κ-variation surface terms vanish.
3.2 D-branes of AdS Strings at the Origin
In this subsection, we examine the κ-variation of S0WZ. The κ-variation is defined by δκE
A = 0,
i.e.
δκX
M = −iθ¯ΓMδκθ +O(θ4) . (3.4)
One finds that the κ-variation of S0WZ is
δκS
0
WZ =
∫
∂Σ
dξ
[
−iθ¯ΓAσδκθ · ∂tXMeAM +
1
2
(
θ¯ΓAδκθ · θ¯ΓAσ + θ¯ΓAσδκθ · θ¯ΓA
)
∂tθ
−λ
4
{
2
(
θ¯ΓAΓ̂Bσiσ2θ · θ¯ΓBδκθ − θ¯ΓBΓ̂Aσiσ2θ · θ¯ΓBδκθ
)
(3.5)
+
(
θ¯ΓBδκθ · θ¯ΓBΓ̂Aσiσ2θ − θ¯ΓBΓ̂Aiσ2θ · θ¯ΓBσδκθ
)}
∂tX
MeAM
]
+O(θ6) .
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First, let us consider the first line. In order for this line to vanish, the following two conditions
have to be satisfied:
θ¯ΓAσδκθ = 0 and θ¯Γ
Aδκθ = 0 . (3.6)
We find that the condition (3.6) is satisfied if we define the projection operator (3.3) with gluing
matrices
M =
 m⊗ iσ2 , d = 2 (mod 4) p = −1, 3, 7m⊗ ρ , d = 4 (mod 4) p = 1, 5, 9 , (3.7)
m = sΓA1 · · ·ΓAd , s =
 1 for X0: Neumanni for X0: Dirichlet , ρ =
 σ1 when σ = σ3σ3 when σ = σ1 ,
where the inclusion of the factor i for the case that the time direction X0 is a Dirichlet one is
equivalent to performing the Wick rotation and considering in the Euclidean formulation. This
procedure does not affect the analysis below. These conditions imply that, for the σ = σ3 case,
Dp-branes exist for the values p = −1, 1, 3, 5, 7, 9, while if we consider the σ = σ1 case, then
Dp-branes with p = 1 and 5 are replaced with F1- and NS5-branes respectively§. Hence, we
obtain the well-known conditions for branes in type IIB string theory in flat spacetime. It is
not clear whether the S-duality holds for superstrings in the AdS5×S5 and pp-wave or not, but
it should exist for branes even in these backgrounds. Therefore, we will discuss the D-string
case in parallel as well as the fundamental string in the following consideration.
Next, we consider the second and third lines. Because these lines are proportional to the
parameter λ characterizing the AdS geometry, these give conditions intrinsic to the branes
in the AdS5 × S5 background. In order to make these lines vanish, we have to impose two
additional conditions:
θ¯ΓAΓ̂Bσiσ2θ = θ¯Γ
BΓ̂Aiσ2θ = 0 . (3.8)
Let us classify the configurations satisfying the boundary conditions (3.8) .
For the d = 2 (mod 4) case, the conditions (3.8) are satisfied for the following case:
• The number of Dirichlet directions in the AdS5 coordinates (X0, · · · , X4) is even, and
the same condition is also satisfied for the S5 coordinates (X5, · · · , X9).
§For p = 9, the boundary condition is θ1 = θ2 when σ = σ3, while θ2 = 0 when σ = σ1.
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On the other hand, for the d = 4 (mod 4) case, the following conditions should be imposed:
• The number of Dirichlet directions in the AdS5 coordinates (X0, · · · , X4) is odd, and the
same condition is also satisfied for the S5 coordinates (X5, · · · , X9).
These conditions restrict the directions to which a brane world-volume can extend, while (3.6)
restricts the dimension of the world-volume. The D-brane configurations satisfying the condi-
tions (3.6) and (3.8) are summarized in Tab. 1.
D-instanton D-string D3-brane D5-brane D7-brane D9-brane
(0,0) (0,2), (2,0) (1,3), (3,1) (2,4), (4,2) (3,5), (5,3) absent
Table 1: The possible 1/2 supersymmetric D-branes in AdS5 × S5 sitting at the origin.
We found that D-strings are allowed to exist as 1/2 supersymmetric objects, which corre-
spond to 1/2 supersymmetric D-strings in the pp-wave background as will be seen in section
5. On the other hand, it is known that there exist 1/4 supersymmetric D-strings preserving 8
dynamical supersymmetries in the pp-wave [14]. In subsection 3.4, we will present a 1/4 super-
symmetric D-string which is the AdS origin of the 1/4 supersymmetric D-string found there.
We found that D9-branes are not allowed to exist. As will be seen in section 4, D9-branes are
not also allowed in the pp-wave [6, 7]. Since our discussion contains the cases that the time
direction satisfies the Dirichlet condition, we were able to find the D-instanton configuration.
Notably, our result agrees with the classification of branes embedded in the AdS5 × S5
background (called AdS branes) [8], and thus all of D-branes obtained here possibly correspond
to the AdS branes. Such a correspondence emerges in the case of Dirichlet branes of an
open supermembrane in the AdS4/7 × S7/4 backgrounds, where the classification of Dirichlet
branes [34] agrees with that of AdS branes obtained in [43].
We have discussed the κ-variation of S0WZ until now. We have to take account of the κ-
variations of SspinWZ and S
M
WZ. As we will see later, these parts have no effect on the above
classification at the origin. Therefore we can say that the classification of the possible D-brane
configurations at the origin has been completely accomplished. For D-branes sitting outside
the origin, the κ-variation of SspinWZ leads to additional conditions. On the other hand, S
M
WZ does
not affect the results in both at and outside the origin. The discussion concerning these points
will be given in the following subsection.
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3.3 D-branes of AdS Strings outside the Origin
Here we will consider the contribution of SspinWZ part. The κ-variation of S
spin
WZ is written as
δκS
spin
WZ =
i
2
∫
∂Σ
[
− i
4
{
θ¯ΓAδκθ · θ¯ΓAσΓBCθ − θ¯ΓAΓBCθ · θ¯ΓAσδκθ
}
ωBC
D
dXD
− i
2
θ¯ΓAσΓBCθ · θ¯ΓDδκθ · ωBCD dXA
]
. (3.9)
In order to make the above surface terms vanish, we need the following conditions:
θ¯ΓAΓBCσθ · ωBCD = θ¯ΓAΓBCθ · ωBCD = 0 . (3.10)
These conditions are trivially satisfied at the origin (i.e., XA = 0), while no configurations,
except for D-instantons, satisfy these conditions outside the origin.
We found that 1/2 supersymmetric Dp-branes (p > 0) are not allowed except for branes
sitting at the origin. This is because the homogeneity is not manifest in the coordinate system
we took here. The same situation emerges in the case of branes in the pp-wave. There, a flat
brane sitting at (outside) the origin of the Brinkmann coordinate system is mapped to a planer
(less supersymmetric curved) brane in the Rosen coordinate system [9]. So, it is expected that
a 1/2 supersymmetric brane sitting outside the origin has a non-trivial shape in general. On
the other hand, we found that D-instantons are allowed to sit even outside the origin as in flat
spacetime. This may be related to the fact that a D-instanton world-volume is a point in any
coordinate system. The same situation arises in the pp-wave case as we will see later.
We can expect less supersymmetric D-branes such as 1/4 supersymmetric D-branes to exist
even outside the origin as discussed in Refs. [8, 9]. We will present this type of D-string later.
The remaining task is to examine whether the SMWZ part affects the classification at and
outside the origin or not. The κ-variation of SMWZ is given by
δκS
M
WZ =
λ
12
∫
∂Σ
[
θ¯ΓAσΓ̂Biσ2θ · θ¯ΓBδκθ −
1
2
θ¯ΓAσΓBCθ · θ¯Γ̂BCiσ2δκθ
]
dXA . (3.11)
The above surface terms vanish under the following conditions:
θ¯ΓAΓ̂Bσiσ2θ = θ¯Γ̂
BCiσ2δκθ = 0 , (3.12)
which are nothing but those obtained in the analysis of the κ-variation of the S0WZ part. Thus
no new conditions arise, and hence the S0WZ part has no effect on our classification.
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As a final remark in this section, we comment on higher order terms. Until now we have
studied the D-brane configurations up to and including fourth order in θ . We expect that the
higher order terms do not lead to any new additional conditions. In other words, the conditions
we have obtained in this paper are expected to be sufficient and all surface terms will vanish
under these conditions even in the full theory including all orders of θ . In fact, some arguments
for the higher order terms were given in Ref. [14].
3.4 1/4 Supersymmetric D-string
We can obtain 1/4 supersymmetric D-branes in addition to those preserving half of supersym-
metries. Here we present a configuration of 1/4 supersymmetric D-string as an example.
Since we would like to study a D1-brane configuration, let us consider the following gluing
matrix:
M = m⊗ σ1 , m ≡ Γ1···8 . (3.13)
in order to pass the conditions in flat space (3.6). This gluing matrix does not automatically
satisfy the conditions (3.8) specific to the AdS geometry, and so we need to impose additional
conditions:
Γ̂0σ2θ = θ , Γ̂9σ2θ = θ . (3.14)
Here it should be noted that the above two conditions are not independent because of the
condition θ =Mθ . We can easily rewrite these conditions as
Γ1···8θ1 = θ1 , Γ1···8θ2 = θ2 . (3.15)
By the use of the relations Γ+−1···8 = Γ11 and Γ11θ1,2 = θ1,2 , we obtain
Γ−Γ+θ1 = 0 , Γ−Γ+θ2 = 0 . (3.16)
When the spinors θ1 and θ2 are decomposed as θ1,2 =
1
2
Γ−Γ+θ1,2 + 12Γ
+Γ−θ1,2 ≡ θ(+)1,2 + θ(−)1,2 ,
the conditions (3.16) implies θ
(+)
1,2 = 0 and θ1,2 = θ
(−)
1,2 . Finally, we obtain the expressions of
additional conditions:
Γ+θ1 = Γ
+θ2 = 0 . (3.17)
This condition reduces the number of the remaining supersymmetries, and the D-string config-
uration we considered here preserves quarter of supersymmetries.
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Moreover, we can see that the SMWZ part has no effect on this D-string configuration since
the conditions derived from this part is identical with (3.8) . We can also check that the κ-
variation of SspinWZ vanishes. The two conditions (3.10) ensure that the surface terms originating
from the κ-variation of SspinWZ vanish. By the use of the relation (Γ
1···8 ⊗ I2)θ = θ, we can see
that the first one in (3.10) is satisfied, while the second one is not satisfied. However, the term
θ¯ΓAσδκθ that couples to the second condition vanishes under the condition (Γ
1···8⊗I2)θ = θ, and
hence the surface terms from SspinWZ vanish. Thus, we have found a 1/4 supersymmetric D-string
configuration in the AdS5 × S5 background. In particular, the supersymmetries preserved by
this configuration are not changed even if it is slid from the origin. If we consider the Penrose
limit of this D-string, then we can recover the D-string configuration originally found in the
work [14], which is 1/4 supersymmetric even outside the origin. The D-string in the AdS5×S5
might correspond to R×S1 mentioned in the works on the brane probe analysis given in [8]. It
is an interesting future work to delve into other branes preserving 1/4 or less supersymmetries.
4 D-branes of PP-wave Strings Revisited
In this section we will discuss the classification of D-branes in the pp-wave background. In the
work [14], the allowed 1/2 supersymmetric D-brane configurations have been already classified
for the case that the light-cone directions (+,−) satisfy the Neumann conditions, by using the
same method in this paper. Here we extend the discussion given in [14] by including the case
that (+,−)-directions are the Dirichlet directions. In particular, we find the 1/2 supersymmetric
D-instanton configurations at and outside the origin.
By taking the Penrose limit [35] around a certain null geodesic in the AdS5×S5 background,
we obtain the maximally supersymmetric IIB pp-wave background:
ds2 = 2dX+dX− − µ2(X21 + · · ·+X28 )(dX−)2 +
8∑
m=1
(dXm)2 , (4.1)
F+1234 = F+5678 = 4µ , (4.2)
where FA1···A5 is a constant Ramond-Ramond self-dual five-form flux.
Our strategy is almost the same as in the AdS case. We define the projection operator (3.3)
10
with the gluing matrix
M =
 m⊗ iσ2 , d = 2 (mod 4) p = −1, 3, 7m⊗ ρ , d = 4 (mod 4) p = 1, 5, 9 , (4.3)
m = sΓA1 · · ·ΓAd , s =
 1 for X+ , X−: Neumanni for X+ , X−: Dirichlet , ρ =
 σ1 when σ = σ3σ3 when σ = σ1 .
We examine the κ-variation surface terms of the action (2.1) in the pp-wave background. As
before, it turns out to be enough to consider the Wess-Zumino term (2.3). The supervielbein
and the spin connection are given in Appendix C. We again divide the Wess-Zumino action
into the three individual parts as follows:
SWZ = S
µ
WZ + S
M
WZ + S
spin
WZ , (4.4)
SµWZ = −2i
∫
Σ
[
1
2
eA θ¯ΓAσ
(
dθ + e−
µ
2
(f + g)iσ2θ + e
mµ
2
Γ̂miσ2θ
)
+
i
8
θ¯ΓA
(
dθ + e−
µ
2
(f + g)iσ2θ + e
mµ
2
Γ̂miσ2θ
)
× θ¯ΓAσ
(
dθ + e−
µ
2
(f + g)iσ2θ + e
mµ
2
Γ̂miσ2θ
) ]
, (4.5)
SMWZ = −2i
∫
Σ
[
1
24
eA θ¯ΓAσM2Dθ
]
, (4.6)
SspinWZ = −2i
∫
Σ
[
1
2
eA θ¯ΓAσ(e
m
∗
µ
2
ΓmΓ+θ)
+
i
8
θ¯ΓA
(
dθ + e−
µ
2
(f + g)iσ2θ + e
mµ
2
Γ̂miσ2θ
) · θ¯ΓAσ(em∗ µ2ΓmΓ+θ)
+
i
8
θ¯ΓA(em∗
µ
2
ΓmΓ+θ) · θ¯ΓAσ
(
dθ + e−
µ
2
(f + g)iσ2θ + e
mµ
2
Γ̂miσ2θ
)
+
i
8
θ¯ΓA(em∗
µ
2
ΓmΓ+θ) · θ¯ΓAσ(em∗
µ
2
ΓmΓ+θ)
]
. (4.7)
We examine the surface terms under the κ-variation of these three parts in turn. The
vanishing conditions of the κ-variation surface terms coming from SµWZ lead to the classification
of possible branes sitting at the origin. The vanishing conditions of the κ-variation surface
terms of SspinWZ do not affect the classification at the origin, but lead to the additional conditions
for the brane configurations outside the origin. The surface terms which come from SMWZ vanish
for the obtained configurations at and outside the origin.
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The κ-variation is defined by δκE
A = 0, which means in this background
δκX
M = − i
2
θ¯ΓMδκθ +O(θ4) . (4.8)
When we perform the κ-variation on SµWZ, the surface terms are obtained as
δκS
µ
WZ = −2i
∫
∂Σ
[
1
2
θ¯ΓAσδκθ dX
MeAM +
i
8
(
θ¯ΓAδκθ · θ¯ΓAσ + θ¯ΓAσδκθ · θ¯ΓA
)
dθ
− µi
8
θ¯Γ−δκθ · θ¯ΓAσ(f + g)iσ2θ dXMeAM −
µi
8
θ¯Γmδκθ · θ¯σΓ̂miσ2θ dXMeAM
− µi
16
θ¯ΓAδκθ · θ¯ΓAσ
(
(f + g)iσ2θ dX
Me−M + Γ̂miσ2θ dX
MemM
)
+
µi
16
θ¯ΓAσδκθ · θ¯ΓA
(
(f + g)iσ2θ dX
Me−M + Γ̂miσ2θ dX
MemM
) ]
. (4.9)
The vanishing conditions for the first line read
θ¯ΓAσδκθ = 0 and θ¯Γ
Aδκθ = 0 , (4.10)
which are satisfied by the projector given above. We thus have rederived the well-known
condition, p =odd, for IIB Dp-branes in flat background. The additional conditions which
come from the second, third and fourth lines are
θ¯ΓA(f + g)σiσ2θ = θ¯ΓA(f + g)iσ2θ = 0 or − ∈ Dirichlet , (4.11)
and
θ¯ΓAΓ̂mσiσ2θ = θ¯ΓAΓ̂miσ2θ = 0 . (4.12)
The condition (4.11) is satisfied for p =3 (1) mod 4 cases by one of the followings
• The number of Dirichlet directions in (X1, X2, X3, X4) is even (odd), and the same con-
dition is also satisfied for (X5, X6, X7, X8) ,
• − ∈ Dirichlet,
while the second condition (4.12) is satisfied if
• The number of Dirichlet directions in (X+, X1, X2, X3, X4) is even (odd), and the same
condition is also satisfied for (X+, X5, X6, X7, X8) .
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From these conditions, one can classify the possible branes in the pp-wave background. We
denote branes with the world-volume extending along m directions in (1,2,3,4) and n direc-
tions in (5,6,7,8) as (m,n)-branes. In addition, when the directions (+,−) are also Neumann
directions, we denote as (+,−;m,n)-branes. We summarize in Tab. 2 the classification of 1/2
supersymmetric D-branes sitting at the origin.
D-instanton D-string D3-brane D5-brane D7-brane D9-brane
(+,−; 0, 2), (+,−; 1, 3), (+,−; 2, 4),
(+,−; 2, 0), (+,−; 3, 1), (+,−; 4, 2), absent
(0,0) (0,2), (2,0) (1,3), (3,1) (2,4), (4,2)
Table 2: The possible 1/2 supersymmetric configurations of D-branes sitting at the origin in
the pp-wave background.
Next we examine the surface terms of the κ-variation of SspinWZ . We show that the surface
terms vanish for branes sitting at the origin, but lead to additional conditions for branes sitting
outside the origin. The κ-variation surface terms are
δκS
spin
WZ = −
µ2
8
∫
∂Σ
[
θ¯ΓAδκθ · θ¯ΓAσΓmΓ+θ dX− + 2θ¯Γ−δκθ · θ¯ΓAσΓmΓ+θ dXMeAM
− θ¯ΓAσδκθ · θ¯ΓAΓmΓ+θ dX−
]
Xm, (4.13)
which vanish when − ∈ Dirichlet or Xm = 0. Thus we found that for branes sitting at the
origin the surface terms vanish, while for branes sitting outside the origin −-direction has to
be a Dirichlet direction. We summarize in Tab. 3 the possible branes sitting outside the origin.
D-instanton D-string D3-brane D5-brane D7-brane D9-brane
(0,0) (0,2), (2,0) (1,3), (3,1) (2,4), (4,2) absent absent
Table 3: The possible 1/2 supersymmetric configurations of D-branes sitting outside the origin
in the pp-wave background.
Finally we examine the κ-variation surface terms of SMWZ and show that the surface terms
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vanish for the brane configurations classified above. The surface terms become
δκS
M
WZ = −
µ
24
∫
∂Σ
[
θ¯ΓAσ(f + g)iσ2θ · θ¯Γ−δκθ + θ¯ΓAσΓ̂miσ2θ · θ¯Γmδκθ
+ θ¯ΓAσΓiΓ+θ · θ¯Γifiσ2δκθ − θ¯ΓAσΓi′Γ+θ · θ¯Γi
′
giσ2δκθ
− θ¯ΓAσΓmnθ · θ¯Γ̂mniσ2δκθ
]
dXMeAM . (4.14)
One can show that these surface terms vanish when one of the followings is satisfied for p =3
(1) mod 4 cases,
• − ∈ Dirichlet, and both (X1, X2, X3, X4) and (X5, X6, X7, X8) contain odd (even) num-
ber of Dirichlet directions
• − ∈ Neumann, and both (X1, X2, X3, X4) and (X5, X6, X7, X8) contain even (odd) num-
ber of Dirichlet directions.
These conditions are satisfied by the brane configurations classified above.
The longitudinal D-brane configurations agree with those found in [6, 14]. We found that
there exist transverse D-branes sitting at and outside the origin. D-instantons preserving half
of supersymmetries are allowed to freely sit in the pp-wave as in flat space and AdS5 × S5.
D-instanton correspond to a point in the pp-wave spacetime while the existence of 1/2 super-
symmetric D-instantons sitting outside the origin seems to be consistent to the homogeneity of
the pp-wave geometry.
5 Penrose Limits of D-branes of AdS String
In this section we will consider Penrose limits [35] of the possible D-brane configurations in
the AdS background obtained in section 3, and show that all of the D-branes in the pp-wave
obtained in section 4 is recovered as Penrose limits of those in the AdS background.
The Penrose limit is taken as follows. One makes a set of light-cone coordinate (X+, X−)
from (X0, X9),¶ scales X+ as X+ → Ω2X+ and then take the limit Ω→ 0. We distinguish the
¶If we make a pair of light-cone coordinates only in the AdS space or sphere, then flat spacetime is obtained
as discussed in [37]. That is, in order to obtain the pp-wave background, we need to construct the light-
cone coordinates by choosing one direction from the AdS coordinates and the other direction from the sphere
coordinates.
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cases depending on the boundary conditions of the light-cone coordinate (X+, X−) as (N,N)
for X± ∈ Neumann directions, and so on. For the fermionic coordinates, we scale θ+ → Ωθ+
and take the limit Ω→ 0. Some relevant aspects of the Penrose limit are explained in Appendix
D.
We examine Penrose limits of (N,N)- and (D,D)-cases.
Penrose Limit of D9-brane
There are no allowed 1/2 supersymmetric D9-brane configurations both in the AdS5 × S5 and
in the pp-wave. Hence, if we want to consider the correspondence of D9-branes in the AdS
and those in the pp-wave, then we need to consider the less supersymmetric configurations of
D9-branes.
Penrose Limit of D7-brane
The possible D7-brane configurations are (3,5)- and (5,3)-branes. Now we cannot consider
(D,D)-case since there is no Dirichlet direction in the S5 and AdS5, respectively.
First, we consider the Penrose limit of the (3,5)-branes, whose boundary condition is sΓab⊗
iσ2θ = θ . In the (N,N)-case the resulting boundary condition after the Penrose limit is given
by
sΓij ⊗ iσ2θ = θ . (5.1)
That is, this configuration describes the (+,−;2,4)-type D7-branes, which is included in the list
of the allowed D-branes in the pp-wave case.
In the same way as in the (3,5)-brane case, we can investigate the Penrose limit of (5,3)-
branes. The boundary condition after the Penrose limit is
sΓi
′j′ ⊗ iσ2θ = θ , (5.2)
which is the (+,−; 4, 2)-brane boundary condition in the pp-wave. Thus, two types of D7-
brane configurations in the pp-wave are rederived as the Penrose limit of D7-branes in the AdS
background.
Penrose Limit of D5-brane
The allowed D5-brane configurations are (2,4)- and (4,2)-branes.
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First, we consider (2,4)-type D5-branes whose boundary condition is sΓa1a2a3a
′ ⊗ ρθ = θ
with ρ = σ1. When we choose the (N,N)-boundary condition, the above condition becomes
Γi1i2i3i
′ ⊗ ρθ = θ , (5.3)
after the Penrose limit. That is, we obtain (+,−; 1, 3)-type D5-brane in the pp-wave. If we
take the (D,D)-condition, then we get the boundary condition:
iΓ+−ij ⊗ ρθ = θ , (5.4)
and hence (2,4)-type D5-branes are obtained. The resulting (+,−; 1, 3)- and (2,4)-type D5-
branes are possible in the pp-wave case.
Secondly, we study (4,2)-type D5-branes. In this case the boundary condition is given by
sΓaa
′
1
a′
2
a′
3 ⊗ ρθ = θ . After taking the Penrose limit, we obtain, according to the choice of
light-cone coordinates, the conditions:
Γii
′
1
i′
2
i′
3 ⊗ ρθ = θ for (N,N)-case ,
iΓ+−i
′j′ ⊗ ρθ = θ for (D,D)-case ,
For (N,N)- and (D,D)-cases, we obtain (+,−; 3, 1)- and (4,2)-type branes, respectively. These
configurations are also allowed in the pp-wave.
In the above discussion we have assumed the fundamental string case. It is also possible
to consider the D-string by taking ρ = σ3 , and simultaneously D5-branes are replaced with
NS5-branes. The only difference in our consideration of the Penrose limit is only a choice of σ
and the discussion in the D-string case is exactly the same as the above one.
Penrose Limit of D3-brane
The possible D3-brane configurations are (1,3)- and (3,1)-branes.
The boundary condition of (1,3)-type D3-brane is given by sΓa1···a4a
′b′ ⊗ iσ2θ = θ , which
becomes, according to the choice of the light-cone coordinates,
Γi1···i4i
′j′ ⊗ iσ2θ = θ for (N,N)-case ,
iΓ+−i1i2i3i
′ ⊗ iσ2θ = θ for (D,D)-case .
When we consider the (3,1)-type D3-brane whose boundary condition is sΓaba
′
1···a′4 ⊗ iσ2θ = θ ,
16
the resulting conditions after taking the Penrose limit are given by
Γiji
′
1
···i′
4 ⊗ iσ2θ = θ for (N,N)-case ,
iΓ+−ii
′
1
i′
2
i′
3 ⊗ iσ2θ = θ for (D,D)-case .
Thus, we have obtained the D3-branes in the pp-wave as Penrose limits of D3-branes in the
AdS5 × S5 background.
Penrose Limit of D1-brane
We can take (0,2)- and (2,0)-branes as possible D1-brane configurations. In this case we cannot
take (N,N)-type boundary condition.
The boundary conditions for the (0,2)- and (2,0)-type D-strings are
sΓa1···a5a
′b′c′ ⊗ ρθ = θ and sΓa1a2a3a′1···a′5 ⊗ ρθ = θ , (5.5)
with ρ = σ1, respectively. When we consider the (D,D)-type boundary condition, these condi-
tions become, after taking the Penrose limit,
iΓ+−i1···i4i
′j′ ⊗ ρθ = θ and iΓ+−iji′1···i′4 ⊗ ρθ = θ , (5.6)
and these conditions imply (0,2)- and (2,0)-type D-string configurations in the pp-wave, respec-
tively. If we take ρ = σ3, then (0,2)- and (2,0)-type F-string configurations in the pp-wave are
obtained.
Penrose Limit of D-instanton
In this case we can consider the (D,D)-type boundary condition only. The condition for D-
instanton in the AdS5 × S5 background is iΓ01···9 ⊗ iσ2θ = θ . After taking the Penrose limit,
we obtain the following condition:
iΓ+−1···8 ⊗ iσ2θ = θ . (5.7)
This condition is nothing but that of D-instanton in the pp-wave.
Finally, we summarize the results obtained above in Tab. 4.
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D7-branes
AdS (3, 5) (5, 3)
↓ Penrose D2 ւ ց N2 D2 ւ ց N2
pp-wave − (+,−; 2, 4) − (+,−; 4, 2)
D5-branes
AdS (2, 4) (4, 2)
↓ Penrose D2 ւ ց N2 D2 ւ ց N2
pp-wave (2, 4) (+,−; 1, 3) (4, 2) (+,−; 3, 1)
D3-branes
AdS (1, 3) (3, 1)
↓ Penrose D2 ւ ց N2 D2 ւ ց N2
pp-wave (1, 3) (+,−; 0, 2) (3, 1) (+,−; 2, 0)
D1-branes
AdS (0, 2) (2, 0)
↓ Penrose D2 ւ ց N2 D2 ւ ց N2
pp-wave (0, 2) − (2, 0) −
−:We cannot take this boundary condition.
Table 4: Penrose limit of D-branes of AdS string.
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We also briefly comment on (N,D)- or (D,N)-cases. If we consider the Penrose limit in these
cases, the boundary condition becomes θ− = 0 for every D-brane. This condition implies the
two types of conditions as follows:
M = Γ+− ⊗ I2 or M = Γ1···8 ⊗ I2 .
However, the boundary conditions associated with these gluing matrices do not eliminate the
κ-variation surface terms. In fact, these matrices are not included in (4.3). It may be the case
that we may not take (N,D) and (D,N)-boundary conditions.
Penrose Limit of 1/4 Supersymmetric D-string
Here we will consider the Penrose limit of D-string configuration preserving quarter of super-
symmetries. This D-string is a (1,1)-type D-string. When we consider the (N,N)-case, we
obtain the (+,−; 0, 0)-type D-string in the pp-wave. This D-string configuration is nothing but
the D-string found in the work [14]. If we take the (D,D)-boundary condition, we obtain the
(1,1)-type D-string which is expected to be a 1/4 supersymmetric D-string in the pp-wave.
6 Conclusion and Discussion
We have classified possible configurations of D-branes of a superstring in the AdS5 × S5 back-
ground. In contrast to the pp-wave case, the D-string configuration is realized as a usual
1/2 supersymmetric configuration. Notably, our classification result agrees with that of AdS
brane configurations of the brane probe analysis. We have also extended the classification of
allowed 1/2 supersymmetric D-branes in the pp-wave [14] by including the case that both of
light-cone directions satisfy the Dirichlet conditions. In particular, we have found that 1/2
supersymmetric D-instantons can exist at and outside the origin in both AdS and pp-wave
backgrounds. The fact that D-instanton can survive even outside the origin seems to reflect
the homogeneity of these backgrounds. In addition, we have investigated Penrose limits of
the allowed D-branes in the AdS5 × S5 background, and it has been shown that possible 1/2
supersymmetric configurations in the pp-wave case can be recovered as Penrose limits of those
in the AdS5 × S5 .
We have mainly examined the standard configurations preserving half of supersymmetries,
but it is interesting to approach 1/4 or less supersymmetric D-branes of AdS string in our
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covariant formulation. In fact, as an example, we have presented a 1/4 supersymmetric D-
string configuration in the AdS5×S5 background. This configuration has been shown to reduce
to the 1/4 supersymmetric D-string in the pp-wave preserving 8 dynamical supersymmetries.
D-branes of this type are called D+-branes in the works [8]. On the other hand, the standard
D-branes are called D−-branes. In this paper we have clarified the AdS origin of D−-branes. It
may be possible to find the AdS origin of D+-branes. Of course, we can also seek for the AdS
origin of oblique D-branes, curved D-branes and intersections of D-branes in the pp-wave case
(For a work in this direction, [44]). In addition, giant gravitons‖ or baryon vertex operators
may be investigated in our covariant formulation if we treat these objects in the AdS5 × S5 by
the use of our formulation. It is also interesting to examine Dirichlet boundaries of an open
D3-brane constructed in [46] and compare the result with that obtained here. Another direction
is to study D-branes on other AdS backgrounds such as AdS5 × S5/ZN and AdS5 × T 1,1 [47].
We will report all of these problems in another place in the near future [48].
It is also an interesting problem to apply our results to defect conformal field theories
via the AdS/CFT correspondence [49]. Recall that a stringy nature in pp-wave string theories
played an important role in studies of the AdS/CFT correspondence at the stringy level beyond
supergravity approximation [27]. Our classification results and our methods are expected to
promote the understanding of AdS/CFT correspondence.
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Appendix
A Notation and Convention
In this place we will summarize miscellaneous notation and convention used in this paper.
‖The matrix model on the pp-wave also has supersymmetric fuzzy sphere solutions (giant graviton) [27].
Giant gravitons in the pp-wave matrix model are discussed in [29, 45].
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Notation of Coordinates
For the superstring in the ten-dimensional curved space-time: AdS5 × S5 and pp-wave back-
grounds, we use the following notation of supercoordinates for its superspace (XM , θα¯):
M = (µ, µ′) , µ = (0, 1, 2, 3, 4) ∈ AdS5 , µ′ = (5, 6, 7, 8, 9) ∈ S5 ,
and the background metric is expressed by GMN . The coordinates in the Lorentz frame are
denoted by (XA, θα):
A = (a, a′) , a = 0, 1, 2, 3, 4 , a′ = 5, 6, 7, 8, 9 for AdS case ,
A = (+,−, i, i′) , i =, 1, 2, 3, 4 , i′ = 5, 6, 7, 8, m = (i, i′) for pp-wave case ,
and its metric is described by ηAB = diag(−1,+1, . . . ,+1) with η00 = −1. The light-cone coor-
dinates are defined by X± ≡ 1√
2
(X9 ±X0) . The coordinates of world-sheet are parameterized
by (σ1, σ2) = (τ, σ) . The induced metric on the world-sheet is represented by gij (i, j = 1, 2) .
SO(1,9) Gamma Matrices
We denote two 16-component Majorana-Weyl spinors as θ1 and θ2, and the SO(1, 9) Clifford
algebra is written as
{ΓA,ΓB} = 2ηAB , {ΓM ,ΓN} = 2GMN , ΓA ≡ eAMΓM , ΓM ≡ eMA ΓA ,
where the light-cone components of the SO(1, 9) gamma matrices are
Γ± =
1√
2
(Γ9 ± Γ0) , {Γ+,Γ−} = 2I16 .
The chirality operator and the Dirac conjugate are defined as
Γ11 ≡ Γ0···9 , θ¯ ≡ θTC ,
where the charge conjugation matrix C satisfies the relations:
CT = −C , C−1(ΓM)TC = −ΓM .
In this paper we mainly use the 32-component representation θT = (θ1, θ2) .
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B Coset Construction of Supervielbein in the AdS5×S5
Here we will briefly review the coset construction of supervielbein in the AdS5×S5 background.
The super-AdS5 × S5-algebra is regarded as su(2, 2|4), and the AdS5 × S5 manifold can be
constructed as a coset SU(2, 2|4)/ (SO(1, 4)× SO(5)).
The bosonic part of the super AdS5 × S5-algebra is so(2, 4)× so(6) given by
[Pa, Pb] = λ
2Mab , [Pa′ , Pb′ ] = −λ2Ma′b′ ,
[Pa,Mbc] = ηabPc − ηacPb , [Pa′ ,Mb′c′] = ηa′b′Pc′ − ηa′c′Pb′ ,
[Mab,Mcd] = ηbcMad + 3 terms , [Ma′b′,Mc′d′ ] = ηb′c′Ma′d′ + 3 terms .
The parameter λ characterizes the AdS5 × S5 geometry, and if we take the limit λ → 0 then
the geometry reduces to the ten-dimensional Minkowski spacetime.
Now we decompose the SO(1, 9) gamma matrices ΓA’s as follows:
Γa = γa ⊗ I⊗ τ1 (a = 0, 1, 2, 3, 4) ,
Γa
′
= I⊗ γa′ ⊗ τ2 (a′ = 5, 6, 7, 8, 9) ,
Γ11 = Γ0 · · ·Γ9 = I⊗ I⊗ τ3 ,
where the 2×2 matrices τi’s are the standard Pauli matrices. The gamma matrices of the AdS5
part γa’s are
γi (i = 0, 1, 2, 3) and γ4 ≡ iγ0123
and hence (γ4)2 = 1 and iγ01234 = +1. For the gamma matrices of the S
5 part γa
′
’s, we use
γi
′
(i′ = 5, 6, 7, 8) and γ9 ≡ γ5678 ,
and then γ56789 = +1. The charge conjugation matrix C is defined as
C ≡ C ⊗ C ′ ⊗ iτ2 ,
where C and C ′ are the charge conjugation matrices in the AdS5 and S5, respectively. We
introduce chirality projection operators h± = 12 (1± Γ11) and Majorana-Weyl supercharges
QI (I = 1, 2) by QIh+ = QI . By the use of these quantities, the fermionic part of the super-
AdS5 × S5 algebra given in [50] is rewritten as
{QI , QJ} = 2iCΓA(I)IJh+PA + iλCΓabI(iσ2)IJh+Mab − iλCΓa′b′J (iσ2)IJh+Ma′b′ ,
[QI , Pa] = +
λ
2
QJ(iσ2)JIΓaI , [QI , Pa′ ] = −λ
2
QJ(iσ2)JIΓa′J ,
[QI ,MAB] = −1
2
QIΓAB , I ≡ Γ01234 , J ≡ Γ56789 ,
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where the Pauli matrices (σi)IJ act on the two-component supercharges QI .
Now we consider G = gxgθ defined as
gx = e
XaPa+Xa
′
P
a′ , gθ = e
Qθ , Q = (Q1, Q2) , θ =
(
θ1
θ2
)
.
The supervielbeins EA and Eα, and super spin connection EAB are defined by the relations
G−1dG = EAPA +
1
2
EABMAB +QαE
α ,
g−1x dgx = e
APA +
1
2
ωABMAB ,
where eA and ωAB are the vielbein and the spin connection of the AdS5 × S5. We can derive
the expressions for the (super)vielbein and the (super)spin connection by expanding the l.h.s
of the above relations. As a result, we obtain the following expressions
EA = eA + iθ¯ΓA
(
sinh(M/2)
M/2
)2
Dθ ,
Eα =
(
sinhM
M Dθ
)α
,
EAB = ωAB − iλθ¯Γ̂ABiσ2
(
sinh(M/2)
M/2
)2
Dθ ,
where we have introduced the quantities:
M2 = iλ
(
Γ̂Aiσ2θ · θ¯ΓA − 1
2
ΓABθ · θ¯Γ̂ABiσ2
)
,
Dθ = dθ +
λ
2
eAΓ̂Aiσ2θ +
1
4
ωABΓABθ ,
Γ̂A ≡ (−ΓaI,Γa′J ) , Γ̂AB ≡ (−ΓabI,Γa′b′J ) .
The vielbein and the spin connection of the AdS5 × S5 background are given by
ea =
(
sinh Y
Y
dX
)a
, ea
′
=
(
sinhY ′
Y ′
dX ′
)a′
,
ωab = −λ2X [a
(
sinh(Y/2)
Y/2
dX
)2 b]
, ωa
′b′ = +λ2X [a
′
(
sinh(Y ′/2)
Y ′/2
dX
)2 b′]
,
Y 2ab = λ
2
(
X2δab −XaXb
)
, Y ′2ab = −λ2
(
X ′2δa
′
b′ −Xa
′
Xb′
)
.
The above expressions of the spin connection are used in considering the D-branes sitting
outside the origin.
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C Coset Construction of Supervielbein in the PP-wave
The super-pp-wave algebra is generated by momenta, P− and Pm, boost, P ∗m, Lorentz generators
of SO(4)× SO(4), Mrs and Mr′s′, and supercharge, QI , as
[P−, Pm] = P ∗m , [P−, P
∗
m] = −µ2Pm , [P ∗m, Pn] = −µ2δmnP+ ,
[Mmn, Pp] = δnpPm − δmpPn , [Mmn, P ∗p ] = δnpP ∗m − δmpP ∗n ,
[Mmn,Mpq] = δnpMmq + 3 terms ,
[Pr, QI ] = −µ
2
QJΓrΓ+f(iσ2)JI , [Pr′, QI ] =
µ
2
QJΓr′Γ+g(iσ2)JI ,
[P−, QI ] =
µ
2
QJ(f + g)(iσ2)JI , [P
∗
m, QI ] =
µ2
2
QIΓmΓ+ , [Mmn, QI ] =
1
2
QIΓmn ,
{QI , QJ} = iCΓ+IIJh+ P+ + iCΓ−IIJh+ P− + iCΓmIIJh+ Pm + i
µ
CΓrf(iσ2)IJh+ P ∗r ,
− i
µ
CΓr′g(iσ2)IJh+ P ∗r′ + iµCΓrsΓ+f(iσ2)IJh+ Mrs − iµCΓr
′s′Γ+g(iσ2)IJh+ Mr′s′ ,
where f ≡ Γ1234 and g ≡ Γ5678 . It is known that this superalgebra is an Inonu-Wigner contrac-
tion of the super-AdS5 × S5 algebra [51] (For AdS4/7 × S7/4 cases, see [52]). We parameterize
the group manifold by
G = gxgθ , gx = e
X+P+eX
−P−eX
mPm , gθ = e
QIθI ,
and define Maurer-Cartan one-forms by
G−1dG = E+P+ + E
−P− + E
mPm +
1
2
EmnMmn + E
m
∗ P
∗
m +QαE
α .
After simple algebraic calculation, one obtains the supervielbein described by
EA = eA +
i
2
θ¯ΓA
(
sinh(M/2)
M/2
)2
Dθ , Eα =
(
sinhM
M Dθ
)α
,
where we have introduced several quantities:
M2 = iµ
2
(f + g)iσ2θ · θ¯Γ− + iµ
2
Γ̂miσ2θ · θ¯Γm + iµ
2
ΓrΓ+θ · θ¯Γrfiσ2
−iµ
2
Γr′Γ+θ · θ¯Γr′giσ2 − iµ
2
Γmnθ · θ¯Γ̂mniσ2 ,
Dθ = dθ + e−
µ
2
(f + g)iσ2θ + e
m µ
2
Γ̂miσ2θ + e
m
∗
µ2
2
ΓmΓ+θ ,
Γ̂m = (−ΓrΓ+f, Γr′Γ+g) , Γ̂mn = (−ΓrsΓ+f, Γr′s′Γ+g) ,
e+ = dX+ − µ
2
2
(Xm)2dX− , e− = dX− , em = dXm , em∗ = X
mdX− .
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In this parameterization, the pp-wave metric becomes the standard form
ds2 = 2e+e− + (em)2 = 2dX+dX− − µ2(Xm)2(dX−)2 + (dXm)2 .
The constructed supervielbein is used in section 4 for the classification of D-branes in the
pp-wave background.
D Penrose Limit
It is known that the pp-wave background is obtained via the Penrose limit from the AdS5×S5
background. The Penrose limit is taken by rescaling coordinates as
X+ → Ω2X+, Xm → ΩXm, θ+ → Ωθ+ ,
where θ+ is defined by θ+ = P+θ with P+ = 12Γ+Γ−, and then by bringing Ω to zero. After the
Penrose limit, the scale λ of AdS5 or S
5 can be regarded as the scale µ of the pp-wave∗∗. Noting
that the super-pp-wave algebra is an Inonu-Wigner contraction of the super-AdS5×S5 algebra
[51], the Penrose limit of the AdS5 × S5 group manifold parameterized by gx = eXaPa+Xa
′
P
a′
turns to be the pp-wave group manifold parameterized by gx = e
X+P++X−P−+XmPm . In this
parameterization, the metric is calculated to be
ds2 = 2e+e− + (em)2 ,
e+ = dX+ +
{
1− sin µX
−
µX−
}
Xm
(X−)2
(X−dXm −XmdX−) ,
e− = dX− ,
em =
sin µX−
µX−
dXm +
{
1− sinµX
−
µX−
}
Xm
X−
dX− .
In order to make the metric to be of the standard form (4.1), we perform the coordinate
transformation
Xˆ+ = X+ +
µ
2
µX− − sin µX− cosµX−
sin2 µX−
(Xˆm)2 , Xˆ− = X− , Xˆm =
sin µX−
µX−
Xm ,
∗∗The scale λ ∼ 1/R can be absorbed and the scale µ can be introduced by a field redefinition
X+ → λ
2Ω2
µ
X+ , X− → µX− , Xm → λΩXm .
This reveals the fact that the Penrose limit Ω→ 0 is equivalent to the limit R→∞ which is considered in the
literature.
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under which the metric becomes the standard form
ds2 = 2dXˆ+dXˆ− − µ2(Xˆm)2(dXˆ−)2 + (dXˆm)2 .
This coordinate transformation reveals the fact that Xm = 0 is mapped to Xˆm = 0 and
X+ = X− = 0 corresponds to Xˆ+ = Xˆ− = 0 .
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